Abstract
Sari

Penelitian dalam pengelompokan kualitas batuan formasi telah banyak dilakukan oleh para peneliti terdahulu dengan berbagai macam metode menggunakan data sampel core. Akan tetapi dari penelitian tersebut masih banyak ketidakpastian yang dihasilkan dikarenakan sulitnya data yang diamati. Penelitian menggunakan porositas kritis untuk pengelompokan kualitas batuan. Dengan dilakukannya penelitian ini penulis memperoleh bukti pada kondisi permukaan nilai porositas kritis yang diperoleh dengan metode Nur, dkk. Menggunakan data kecepatan rambat gelombang P dan S pada pengukuran sampel core kondisi tekanan permukaan yang menghasilkan kualitas batuan berbeda berdasarkan rentang porositas yang berbeda. Rock type yang terbentuk berdasarkan porositas kritis tersebut memiliki keterkaitan terhadap geometri pori dan struktur pori yang membentuk keterkaitan dari masing -masing rock type. Kesamaan pembentukan rock type yang dihasilkan dari nilai porositas kritis terhadap rock type yang menggunakan metode Wibowo dan Permadi. Dalam penelitian ini diperoleh sepuluh rock type. Dengan dapat terbentuknya kelompok kualitas batuan yang berbeda dari nilai porositas kritis tersebut maka dibutuhkan penelitian lebih lanjut untuk mengetahui apakah log akustik pada data log yang memiliki kecepatan rambat gelombang P dapat digunakan dalam menentukan nilai porositas kritis dan menentukan pengelompokan kualitas batuan.
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I. INTRODUCTION
The grouping of rock quality formations has been performed using various methods that have been studied by previous researchers. Amafule (1993) perform rock types based on approach the hydraulic flow unit (HFU) rock, where each HFU has a certain flow zone indicator (FZI) closeness [1] . Other researchers who conducted research on rock type classification were Guo, G. et al. (2005) who perform rock type based on geological conditions when the rocks were deposited [2], then Wibowo and Permadi (2013) perform rock type by carrying out pore geometry and pore structure approaches, and there were still many other researchers conducting rock types with different methods [10] .
Rock type research from previous researchers has uncertainty in determining rock types especially in rock type at depths that do not have core data. The need of a simple method to correlate rock types at the depths of wells that do not have core data. However, the depth of the well which does not have core data should have log data such as an acoustic log that has a value of the P wave propagation speed (V p ). The V p value can be used in determining the critical porosity value which can be utilized as a tool in grouping of the rock quality for rock group that has pore geometry character and the same pore structure will have different critical porosity values [5] .
Rock types through a critical porosity approach are defined. Based on pore geometry and pore structure, there are ten rock types in this study.
II. METHOD
Critical porosity is the limit of the maximum porosity value of the porous rock which is consolidated with suspension [5] .
In this study there are several data used in estimating critical porosity values for grouping rock quality from rock samples obtained from the Kutai Basin, the data used are core data analysis routines and special core analysis data, the tools used in conducting this research are a set of computers that have equipped with petrel software.
The method used in conducting this research is Wibowo and Permadi method in analyzing pore geometry and pore structure of each core rock sample data using the following formula [8]:
With (k/ϕ) 0.5 as the pore geometry and k/ϕ 3 as the pore structure. Whereas to estimate the critical porosity value of rocks from each rock core sample data, Nur, et. al. (1995) method is used with the formula as follows [5] :
With B as bulk modulus (Gpa), ϕ as porosity (frac), ϕc as critical porosity (frac), and Bm as bulk modulus mineral (Gpa)
The bulk modulus of mineral that will be used in this study is using the method of Hashin Shtrikman approach, because the minerals contained in sandstones consist of two dominant minerals namely clay and quartz. So that the Hashin Shtrikman approach is more suitable for determining the mineral bulk modulus with the following formula [3]:
( ) With B hs as bulk modulus of Hashin Shtrikman (G pa ) minerals, f 1 as mineral fraction 1, and f 2 are mineral fractions 2.
The bulk modulus value can be obtained from data P wave velocity (V p ) and S wave velocity (V s ) obtained from core sample measurement data using a sonic viewer. So that from the values of V p and V s can be obtained shear modulus and bulk modulus values that can be determined using the rock elasticity method with the following formula 
III. RESULTS AND DISCUSSION
With core sample data used and calculated using Equation 1 and pore geometry and pore structure approach as the basis of reference in determining rock types in building rock types based on the value of the next critical porosity. result the pore geometry approach to the pore structure that can be seen in Figure 2 . In Figure 2 it can be seen that the pore structure and pore geometry have interrelated relationships. The greater the pore geometry value, the greater the pore structure value of the rock. However, in the Wibowo and Permadi methods the determination of rock type is based on the empirical formula produced from the experiment to produce rock type lines which can be seen in Figure 2 . The next step is to determine the bulk modulus of Shtrikman Hashin minerals which requires a mineral fraction between clay minerals and quartz. Determination of this mineral fraction was carried out using XRD data from several rock samples and a plot of volume clay (V cl ) was made against the porosity values as shown in Figure 3 as follows: Figure 2 shows an empirical formula from the graph of porosity relationships with Vcl to determine the value of Vcl in each core sample data which does not have a Vcl value from the XRD test.
By obtaining a Vcl value in each core sample, the Bh value can be determined. By obtaining a Bhs value in each core sample the estimated critical porosity can be done using equation 2 by changing Bm to Bhs also the value of B can be obtained first using equation 5. The estimated critical porosity values that have been done are then used as the formation of rock types that are associated with pore geometry and pore structure so that it can be seen in In Figure 4 it can be seen that each pore geometry value and interrelated pore structure have the same critical porosity value. However, the difference in the value of critical porosity in each relation of geometry and different pore structures to form a grouping of certain rock qualities. From the determination of rock type through the relationship of critical porosity to the pore geometry and the pore structure that has been carried out in this study, the critical porosity limits of each rock type can be determined as shown in Table 1 . 
Porositas vs Vcl
The results of rock type from critical porosity values have the same amount as the number of skirt types formed by the Wibowo and Permadi methods. The form of rock type characters that are formed from the relationship of critical porosity values to the pore geometry and pore structure also have similar character forms produced by the methods of Wibowo and Permadi.
The determination of rock type through the relationship of critical porosity to the pore geometry and pore structure can be used as a reference for the determination of rock type.
However, to determine the rock type using log data, further research is needed because it is still necessary to study the differences in the conditions for measuring subsurface conditions and on conditions on the surface.
IV. CONCLUSIONS
Based on the research that has been done, the conclusions are as follows: 1. Estimated value of critical porosity can be used as a reference for rock type from the relationship of critical porosity values to the pore geometry and pore structure at surface condition. 2. The classification of rock quality is easy and has a small uncertainty from the relationship of critical porosity to the pore geometry and pore structure at surface condition. 
